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The Centrality of Variability
How society shapes patterns of aging
I
ncreasing variability is a hallmark 
of aging populations. Although 
demographic trends are often 
described in terms of average experi-
ences, in this paper we argue that 
variability in the health experiences of 
older men and women is key to un-
derstanding aging. The variations in 
outcomes among older people are not 
merely nuisances obscuring the more 
salient averages and trends. The devia-
tions from the mean are a central part 
of the story: the patterning of these 
variations reveals factors that inﬂu-
ence health for everyone and indicates 
what sort of advances in healthy aging 
might be possible under optimal cir-
cumstances. Quinn, in an important 
piece on the economic status of the 
elderly gave us all sage advice relevant 
to many issues about the health and 
well-being of older men and women. 
“Never begin a sentence with ‘the 
elderly are...or the elderly do’. No 
matter what you are discussing, some 
are and some are not, some do and 
some do not.” He went on to warn us 
not to ignore the enormous diversity 
that comes with aging and always to 
“beware the mean” 1.
How will we age 50 years from 
now? What will we need to do to 
provide opportunities for more of us, 
from a population perspective, to ex-
perience optimal aging and longevity? 
While some investigators emphasize 
individual patterns of aging to point 
out the idiosyncrasies and complexi-
ties of the way people age, we believe 
that a great deal of what initially may 
seem like random variability is in fact 
socially patterned by opportunities 
for social interaction and intimacy, 
by economic and educational experi-
ences, by exposure to severe social 
and physical stresses. We have all seen 
people who grow old suddenly or 
seem much older than their chrono-
logical age. Conversely, we know 
people who look and act in vibrant 
and vital ways, who seem resilient to 
the challenges they face late in life. 
Our aim is to show some of the ways 
in which society has shaped these pat-
terns of aging. 
We are going to explore the ways 
in which social conditions shape 
variability in two health outcomes we 
think of as prototypical of the aging 
process. The ﬁrst is life expectancy, 
constructed from birth cohort mortal-
ity patterns. We will illustrate how 
patterns and trends in life expectancy 
reﬂect our past social investments in 
the population health and wellbeing. 
The second aging outcomes we focus 
on are classical biomarkers of aging. 
These are physiologic characteristics 
that many people think of as the 
most sensitive indicators of the aging 
process: among these are measures of 
metabolic function, glucose me-
tabolism, blood pressure regulation, 
pulmonary function, and DHEAS. 
We will discuss ﬁndings related to 
telomere activity and hormonal levels 
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such as telomerase as an illustration of 
how social conditions affect individual 
physiologic aging at the cellular level.
Changes in life expectancy and 
health expectancy: The demography 
of survival
One of the most common indicators 
of health and aging used in epidemi-
ology and demography is life expec-
tancy. Life expectancy measures are 
derived from applying current death 
rates for men and women in speciﬁc 
age groups to come up with a sum-
mary estimating how long we can 
expect people to live in the future. 
The assumption is that death rates 
today will be applicable in the future. 
Because death rates historically have 
changed rather quickly, projections are 
not always very accurate. For example, 
demographers debating issues around 
social security often scramble to get 
what they believe are accurate projec-
tions. However, small differences in 
death rates or more rapid declines 
in mortality can lead to rather large 
differences in projections about the 
numbers of older men and women in 
2010, and are even less reliable when 
we predict out to 2020 or 2030.
Measures of life-expectancy 
(LE), however, do give us a relatively 
straightforward summary statistic that 
is valuable when compared across 
countries or populations over time 
(especially when looking historically 
or at current patterns). In the US, life 
expectancy in 2002 was 77.3 years at 
birth and 18.2 years at age 65. The 
latter number means that if a person 
survives to age 65, he or she can expect 
to live, on average, another 18.2 years. 
This summary statistic, however, hides 
large differences in life expectancy 
across gender, racial and ethnic groups. 
Life expectancy for white women was 
80.3 years at birth and 19.5 years at age 
65. For African-American men those 
same numbers were 68.8 and 14.6. Life 
expectancies for black women were 
75.6 years at birth and 18.0 years at 
age 65. For white men, LE at birth and 
age 65 were 75.1 and 16.1 respectively. 
Thus, even a preliminary “unpack-
ing” of average life expectancy reveals 
a difference of 11.5 years at birth and 
about ﬁve years of added life at age 65 
between white women and African-
American men. 
at the turn of the century 2. However, 
over the last several decades we have 
also achieved substantial improve-
ments in life expectancy for older 
people. Between 1980 and 2000, life 
expectancy for 65 year-olds improved 
1.6 years. In these decades, increases 
were greatest for men, who gained al-
most two years  These gains narrowed 
the gender gap slightly, but older 
women can still expect to live three 
years longer than men.
Living longer may be problematic 
if older men and women are spending 
many of those years disabled or with 
many chronic conditions. Optimally, we 
want a high quality of life in later years. 
Scientiﬁc opinion on whether increased 
life expectancy would translate into 
increased old-age disability have evolved 
over time. In the early 1980s, investiga-
tors such as James Fries 3 anticipated 
a “compression of morbidity” accom-
panying increases in life expectancy. 
Early responses to this provocative idea 
contradicted this notion: health surveys 
indicated that people were living longer 
but instead had substantial levels of 
disability for many of those years. In 
fact, in a well-known Daedelus vol-
ume, “Doing better and feeling worse”, 
investigators outlined how life-saving 
technologies for many diseases produced 
survivors with serious chronic condi-
tions and disability. 
In looking back over the last 
several decades, demographers have 
realized that the changes have been 
complex and trends have actually 
changed in the last ten years. For 
instance, Crimmins 4 and Robine 5,6 
concluded that across several coun-
tries including the US, active life 
To what extent do social 
and economic investments 
made at the national level 
have a major health impact, 
especially on the current 
generation of older men 
and women?
What will we need to do to provide opportunities for more of us, 
from a population perspective, to experience optimal aging and 
longevity?
Equally startling are improve-
ments in LE that have occurred over 
the last century and those predicted 
based on data from the last decade 
or two. Life expectancy in the US 
in 1900 was 47.3 years; by 1950 it 
leaped 20 years to 68.2; by 2000 it 
was 76.7, an improvement of almost 
30 years. If one looks at the long-term 
improvements in life expectancy, the 
majority of “added” years in the ﬁrst 
half of the century occurred because 
of improvements in infant and child-
hood mortality, maternal mortality 
and control of infectious diseases as 
a result of major public health efforts 3
expectancy had not increased relative 
to total life expectancy when moder-
ate or light levels of disability were 
included in disability measures. The 
opposite was true if investigators used 
measures of major disability. Using 
this standard indicated that disability-
free life expectancy improved along 
with life expectancy. Recent data 
suggest that the percent of men and 
women ages 30–75 with limitations in 
activity increased between 1970 and 
1980. Changes were not consistent for 
those 75 and over. In contrast, dur-
ing the decade from 1980–1990, the 
percentages of men and women with 
limitations dropped for almost all age 
groups. Information on disability and 
mortality are combined to estimate 
active or disability-free life expec-
tancy. Crimmins 7 reported that life 
expectancy free of disability improved 
more in the decade of the 1980s than 
the 1970s. This was true looking at 
life expectancy from birth as well as 
from age 65, but not for those 85 and 
over. Active life expectancy among the 
oldest old apparently changed very 
little in the decade from 1980–1990. 
Recent data suggest that rates of 
cognitive impairment are also decreas-
ing over the last decade or so 8. These 
temporal changes have not closed the 
gender gap: women have both longer 
disability-free life-expectancy and 
longer life expectancy with disability. 
Women are also more likely to spend 
time in an institution.
There are also marked social 
inequalities in disability-free life 
expectancy. Although data are limited, 
recent studies show that African-
Americans, especially those living in 
urban poverty areas, have strikingly 
shorter active life expectancy than 
whites or African-Americans living in 
non-poverty areas. Geronimous 9 ex-
amined life expectancy starting at age 
16. Active life expectancy measured by 
having any limitation was 52 years for 
US white women and 43 for US black 
women. However, active life expec-
tancy was only 39 for black women in 
Harlem, central Detroit, or the south 
side of Chicago. Even in non-poverty 
urban areas such as Queens in New 
York and economically better parts 
of Detroit and Chicago, the average 
did not approach that of US whites. 
White women living in poverty areas 
generally did better than the US black 
average of 43. Their active life expec-
tancies ranged from 42 in Appala-
chian Kentucky to 49 in west North 
Carolina and south central Louisiana. 
Thus, both poverty area and race were 
associated with variations in active life 
expectancy.
Similar variations in life expec-
tancy have been observed between 
occupational grades in other countries. 
Cambois 10 reported that both dis-
ability-free and total life expectancy 
increased in the French population 
between 1980 and 1991, but improve-
ments in disability-free life expectancy 
were larger. Increases were relatively 
similar across socioeconomic groups 
during this decade, though, so the class 
differences in health were preserved. 
The authors note that inequality in 
mortality risk when coupled with the 
increased prevalence of disability of 
manual workers actually heightens life 
cycle inequalities in health. French men 
in higher grades of employment have a 
It does not appear 
that increases in 
life expectancy have 
brought us many more 
years of living with 
severe disability. 
long life expectancy and a compressed 
period of disability compared to less 
advantaged men. Manual workers lived 
5.4 years less than managers in 1991 
and have 1.4 more years of their lives 
spent with a disability.
Three important ﬁndings emerge 
from these studies and are generally 
applicable to the US and to other in-
dustrialized countries. First, in recent 
decades both mortality and disability 
rates have dropped for older men and 
women. With the somewhat larger 
decreases in disability apparent over 
the last decade or so, disability-free life 
expectancy has increased at the popu-
lation level. Secondly, these gains have 
been experienced by men and women 
across virtually all social classes and 
racial/ethnic groups. Often, slightly 
larger absolute gains have been ob-
served among those in more socioeco-
nomically advantaged groups. Third, 
while population health has improved, 
inequality has been maintained across 
socioeconomic strata with socially and 
economically disadvantaged men and 
women persistently worse off. Fur-
thermore, the gap between rich and 
poor has not narrowed and, depend-
ing upon which indicators are used, 
may actually have increased in both 
absolute and relative terms.
The good news from the perspec-
tive of population aging is that it does 
not appear that increases in life ex-
pectancy have brought us many more 
years of living with severe disability. 
Even though the onset of many spe-
ciﬁc diseases may not have changed 
dramatically in the last decades, the 
consequences of disease, e.g. mortality 
and disability, have decreased 11. This 
positive outcome must not mask the 
variability in outcomes among people 
with different social and economic 
positions. In the next section, we 
explore the extent to which social and 4
conditions changed substantially dur-
ing the twentieth century due to both 
public and private efforts to improve 
occupational health and safety—many 
improvements directly and success-
fully targeting reducing fatalities. 
Between 1933 and 1997 deaths from 
unintentional work related injuries 
declined by 90% 14. Improvements in 
working conditions likely also affected 
long-standing chronic conditions and 
risk of disability. A number of labor 
protection policies introduced or 
universalized in the twentieth century, 
such as workmen’s compensation, 
unemployment and minimum wage 
standards, also seem likely candidates 
for directly affecting health outcomes 
in workers. Although implemented 
to buffer workers from poverty, these 
policies may have long term beneﬁts 
in terms of survival and freedom from 
disability in old age. Similarly, we 
might examine the health impacts of 
housing policies that regulated physi-
cal hazards in homes or promoted 
homeownership by increasing mort-
gage availability. Some policies may 
have been harmful, e.g. home loan 
programs that served to stabilize racial 
segregation in neighborhood hous-
ing. We believe that the variations in 
life expectancy and health in old age 
observed in current cohorts of elderly 
may reﬂect the health consequences of 
differential social investments.  Identi-
ﬁcation of the health impacts of these 
policies would give us valuable clues 
as to the social and economic condi-
tions that produce variations in aging, 
survival to old age and health status of 
older men and women.
As an illustration of how we 
might explore such associations, we 
will focus here on one set of policies, 
relating to educational attainment. 
Our goal is to illustrate how the 
profound changes to such policies 
entered WWII. After the war, they 
encountered a prosperous economy 
but many faced continued but increas-
ingly contested discrimination. These 
people’s lives, from infancy, child-
hood, working years, and into old 
age, have been shaped by the social 
upheavals occurring in the US in the 
twentieth century.  
The government responded to 
many of the social conditions of 
the time with investments in public 
education, regulation of working 
conditions, federal housing initiatives, 
employment and income insurance 
programs. Further economic prog-
ress and extensions of civil rights 
reﬂected both secular developments 
and government intervention. Good 
health and long lives may be among 
the most dramatic and unexpected 
consequences of these social policies. 
Although Medicare and Medicaid 
represent large intentional investments 
in medical care, the inadvertent health 
beneﬁts of investments in social goods 
may be more important factors in 
shaping how older men and women 
are aging today.
What were the major health-rel-
evant social changes in the twentieth 
century? Educational attainment, 
working conditions, minimum 
income and income stability, and 
housing conditions all changed 
profoundly between 1910 and 1980. 
Civil rights laws in the second half 
of the century gave rights and op-
portunities to many who had been 
denied earlier beneﬁts. Because there 
has been so little research directly 
addressing the health consequences of 
social policies, we are not in a position 
to give compelling evidence about 
which social or economic policies had 
the largest health effects. One might 
suspect work related policies could 
have profound health effects. Working 
economic investments made at the 
national level have had a major health 
impact, especially on the current gen-
eration of older men and women. We 
speculate that much as investments in 
public health made at the turn of the 
century helped to control infectious 
diseases and curb infant and maternal 
mortality, social and economic invest-
ments initiated in the ﬁrst half of the 
twentieth century may have had broad 
impacts on the successful aging of the 
current generation of senior citizens.
Do public social investments impact 
health and aging?
The trajectory of health or ill-health 
experienced by the elderly does not 
begin at age 65: experiences accumu-
lated throughout life set the stage for 
well-being in old age. The majority of 
elderly in America today were born 
between the two World Wars. They 
may have been immigrants during the 
large waves of migration from Europe, 
crowding into tenements in large 
cities. Those who celebrate their 80th 
birthdays in 2005 were born during 
the presidency of ‘Silent Cal’ if they 
were born in the US. This was a time 
of prosperity for the rich but nascent 
troubles for farmers, when agriculture 
still dominated the economy and 
women were gaining greater formal 
political power and rights. In the 
South, mob lynchings of blacks were 
declining but still constituted an im-
portant form of social control 12 and 
southern blacks responded to chang-
ing economic and social conditions by 
migrating north in record numbers13. 
Older people today may have been 
mid-western children during the Dust 
Bowl years when bad weather and 
planning conspired to deprive millions 
of their prime livelihood; hunger was 
a reality for the nation’s poor. Today’s 
elders entered adulthood as the nation 5
enacted decades ago may continue to 
reverberate in the patterns of health 
of today’s elderly. Educational attain-
ment in general is a potent predictor 
of good health. Epidemiologic studies 
suggest each year of education is as-
sociated with decreased risks of death, 
decreased risks of dementia, better 
cognitive function, improved physical 
function and decreased risk of a num-
ber of diseases, including cardiovascu-
lar disease, the major cause of death 
in the US. The reasons for this are 
undoubtedly complex and have often 
been thought to reﬂect the intrinsic 
values, health and intelligence of indi-
viduals who continue their education 
not the beneﬁts of education per se. 
There is also good reason to believe 
that there may be a more causal line 
between education and health and 
functional outcomes. Education trans-
lates into higher incomes (on average) 
and therefore material improvements 
in standards of living. People with 
higher levels of education also tend 
to have health-promoting behaviors, 
consume less tobacco and alcohol, get 
more physical activity, etc. 
Educational policies changed 
drastically in the twentieth century 
in the US and many other countries. 
Katz and Goldin have described the 
ﬁrst half of the twentieth century as 
the “second transformation of US 
education” 15, when high-school 
completion, previously a rare achieve-
ment, became the norm. Changes 
in average educational attainment 
partially reﬂected increases in the 
demand for schooling. However, there 
was extensive and explicit govern-
ment intervention to increase both the 
demand for and supply of schooling. 
In the US, educational policy has his-
torically been determined by state and 
local governments, and the ﬁrst half 
of the twentieth century was a time of 
exceptionally rapid changes in poli-
cies and standards relating to school-
ing. For example, in 1918, six states 
required students complete six or 
fewer years of schooling before leaving 
school, and seven more required only 
seven years of schooling. By 1939, the 
lowest state schooling requirement 
was seven years, and all but four states 
required eight or more years 16. At the 
same time, there was wide variabil-
ity in compulsory school laws across 
states and over time. For instance, 
in 1918, North Carolina mandated 
teacher qualiﬁcations, standardiza-
tion of curriculum, were also achieved 
during the ﬁrst half of the twentieth 
century by virtue of extensive so-
cial investments. The expansion of 
high-school education was probably 
quite costly to the communities that 
accomplished it: direct costs of high-
school provision were roughly twice 
that of elementary school, and indirect 
costs, in terms of transportation and 
lost labor from adolescents, were also 
likely substantial. 
On top of local action to build 
high-schools and enroll students, and 
state changes in compulsory school-
ing laws, the GI Bill (formally the 
1944 Serviceman’s Readjustment Act) 
represented a tremendous federal 
investment in increasing educational 
opportunities. Ultimately, nearly 
eight million veterans of World War 
II received beneﬁts under the aegis 
of the GI Bill. The GI Bill provided 
unemployment beneﬁts, job search as-
sistance, and loan guarantees for small 
businesses or home purchases, but it is 
best known for promoting education 
via subsidies for tuition and living 
expenses. The government spent over 
$14 billion to provide these educa-
tion beneﬁts. As a result of the GI Bill 
beneﬁts, participation in World War II 
probably increased college completion 
rates by 5–6 percentage points, which 
represented an increase of roughly 
40% over prior college completion 
rates 17. Millions more veterans of 
the Korean War also beneﬁted from 
subsequent GI Bills. 
Social investments such as school-
ing laws and the GI Bill did not affect 
everyone in the country equally. Even 
policies that are de jure race-neutral, 
such as the GI Bill, translate very 
differently when superimposed on 
an already unequal society. Our best 
evidence suggests that southern blacks 
We speculate that much 
as investments in public 
health made at the turn 
of the century helped to 
control infectious diseases 
and curb infant and ma-
ternal mortality, social 
and economic investments 
initiated in the ﬁrst half of 
the twentieth century may 
have had broad impacts 
on the successful aging of 
the current generation of 
senior citizens.
enrollment at age eight and permitted 
14 year olds to leave school. By 1939, 
the enrollment age dropped to age 
seven, effectively adding one year to 
the compulsory school length. Florida 
during this time period changed from 
requiring schooling from ages 8 to 14 
(six years) to requiring schooling from 
ages 7 to 16 (nine years). Iowa, Indi-
ana, Kentucky, and Nebraska already 
required nine years of schooling by 
1918. Signiﬁcant improvements in the 
quality of schooling, e.g. extensions of 
the school year, construction of new 
buildings, grade separation, increasing 6
beneﬁted very little from the educa-
tion provisions of the GI Bill18,19. In 
the post-war period African-American 
GI’s were much less likely to have 
completed high school and to be 
eligible for college tuition beneﬁts 
than white veterans. Southern colleges 
serving blacks had few seats and many 
veterans were turned away because of 
inadequate resources. The GI Bill may 
be among the most important federal 
educational policies in the history 
of the US and it probably reduced 
educational inequalities for white 
men. For blacks, however, it may have 
stabilized or exacerbated inequalities. 
Compulsory schooling laws simi-
larly did not dramatically help young 
African-Americans because they were 
apparently rarely enforced for blacks 
in many states. 
Research explicitly evaluating 
the effects of twentieth century social 
policies on health is relatively limited, 
in part because of the enormous chal-
lenges of ﬁnding compelling research 
designs to study these questions. 
Economists recently developed the idea 
of exploiting the temporal variation 
in state changes to schooling require-
ments, in the US and elsewhere, to 
examine the effects of education on 
adult earnings 20. This work is now 
being extended to examine the conse-
quences of compulsory schooling and 
education on health 21. Initial ﬁndings 
are striking. 
Variations in when states enacted 
or extended compulsory schooling 
laws represent a ‘natural’ experiment 
for the effects of education. Natural 
experiments are valid if some members 
of a population receive an exposure 
(in this case, compulsory school-
ing regulations) and the mechanism 
determining each person’s exposure 
is completely independent of the 
outcome that individual would experi-
ence if exposed or not exposed. We 
often think of natural disasters such as 
earthquakes or hurricanes as natural 
experiments but social scientists have 
employed the concept very effectively 
to explore the effects of numerous 
social exposures that are difﬁcult to 
randomize in a traditional experi-
ment.  Because social policies are often 
implemented differently or at different 
times by states, they can sometimes be 
viewed as natural experiments. While 
exposure or “treatment” is not ran-
domly assigned by an experimenter, 
the strength of the study design is 
that individuals are assigned almost 
randomly to the exposure. 
Individuals born into states with 
varying compulsory schooling require-
ments have no choice about partici-
pating in what amounts to an experi-
ment. While other factors at the state 
level may occur simultaneously with 
changes in compulsory school laws, at 
the individual level, nothing innately 
individual shapes exposures. Therefore, 
we can make stronger causal inferences 
from natural experiments than we can 
from many observational studies. There 
are two important limitations to such 
a research design. First, when state 
level factors determine exposure, it is 
difﬁcult to disentangle correlated state 
characteristics and identify which char-
acteristic is at work. Second, for statisti-
cal reasons, results of these studies tend 
to have wide bounds of uncertainty. 
Nonetheless, natural experiments rep-
resent one of the most promising ap-
proaches to understanding how social 
policies and socioeconomic conditions 
inﬂuence health and strengthening our 
conﬁdence in the results from observa-
tional studies.
Early work suggests that changes 
in state compulsory schooling laws 
impact both mortality and cogni-
tive function. Lleras-Muney com-
pared changes in state schooling laws 
between 1915 and 1939 with census 
information on education and mortal-
ity of people who would have been 
age 14 (roughly prime age to dropout) 
during these years. She reported that 
one additional year of compulsory 
schooling (or schooling required for 
a work permit) increased completed 
years of education for people born in 
that state by 5% 22. Each additional 
year of schooling induced by com-
First, in recent decades both mortality and disability rates 
have dropped for older men and women. With the somewhat 
larger decreases in disability apparent over the last decade or so, 
disability-free life expectancy has increased at the population 
level. Secondly, these gains have been experienced by men and 
women across virtually all social classes and racial/ethnic groups. 
Often, slightly larger absolute gains have been observed among 
those in more socioeconomically advantaged groups. Third, while 
population health has improved, inequality has been maintained 
across socioeconomic strata with socially and economically dis-
advantaged men and women persistently worse off. Furthermore, 
the gap between rich and poor has not narrowed and, depending 
upon which indicators are used, may actually have increased in 
both absolute and relative terms.
 7
pulsory schooling laws was associated 
with a 3–6% reduction in risk of 
death over 10 years (between decen-
nial censuses) 23. We have recently 
completed analyses looking at the 
effects on compulsory schooling laws 
affecting men and women enrolled 
in the Health and Retirement Study 
born between 1900 and 1947. Individu-
als born in states with high levels of 
mandatory schooling completed more 
schooling and performed better on 
cognitive tests taken many decades after 
ﬁnishing school 24, even after adjusting 
for demographic characteristics such 
as race and parental education. We are 
now extending this work to examine 
whether other state-level characteristics 
that changed contemporaneously with 
schooling policies, such as economic 
development or the spread of kindergar-
ten enrollment, might account for this 
relation, and whether schooling appears 
to have the same effect on other health 
outcomes. Identifying the most inﬂuen-
tial policies is an area of active research, 
but the results highlight the importance 
of changes in social-environmental 
conditions of childhood in determin-
ing cognitive risk of elders. Although 
old-age cognitive impairment is often 
perceived as a function of one’s genetic 
endowment, these results suggest that 
state policies, perhaps related to school-
ing, can help protect elders regardless 
of their individual social or genetic 
background. We can and do change 
policies such as schooling requirements 
or resources in response to evolving 
social demands; we can similarly change 
the policies in order to promote healthy 
aging for future cohorts if such policies 
play a causal role. 
explore the ways in which both stressful 
and fulﬁlling social experiences actually 
shape the biology of aging.
Accelerated aging: a tale of telomeres
Scientists used to believe that the rate 
of aging was ﬁxed. Early on, geron-
tologists thought that perhaps we 
had a certain number of heartbeats 
and when we reached that mysterious 
point, the show was up. Gerontolo-
gists then worked hard to slow down 
the rate of aging, virtually to slow 
our heart rate. While some intriguing 
evidence has suggested this is possible 
(mostly by diet restriction), we seem 
to be far better at identifying fac-
tors that accelerate the aging process. 
These exposures put us at risk for 
more precipitous declines in physical 
and cognitive function and death.
Social and psychological stressors, 
like certain core health behaviors such 
as physical activity, have generalized 
health consequences. These stressors 
inﬂuence a wide array of diseases 
through a set of physiological path-
ways that are normally so strongly 
related to chronological age as to 
be considered markers of the aging 
process. We have hypothesized that 
stresses presented by social disadvan-
tage and social isolation as well as 
classical life events such as bereave-
ment and loss (chronically stressful 
situations) impact health because they 
accelerate the rate of aging 26. By erod-
ing individual capacity for resilience, 
these stressors leave people more 
vulnerable to a host of other intrinsic 
(genetic predispositions) or extrinsic 
(environmental) risks. The speciﬁc 
disease developed is determined by the 
Although old-age cognitive 
impairment is often 
perceived as a function of 
one’s genetic endowment, 
these results suggest that 
state policies, perhaps 
related to schooling, can 
help protect elders regardless 
of their individual social or 
genetic background. 
Our genes shape many capacities, but the important point of this 
evidence is that the social environment also exerts strong forces on 
how we age.
Individual characteristics un-
doubtedly inﬂuence how we do in old 
age. Our genes shape many capaci-
ties but the important point of this 
evidence is that the social environ-
ment also exerts strong forces on how 
we age. The ﬁndings indicate that 
social policies can have an important 
impact on health and aging. Compli-
cating the picture is that our example 
of educational attainment indicates 
that early experiences in childhood and 
early adulthood shape outcomes in late 
life. Mark Hayward has referred to this 
phenomenon as “the long arm of child-
hood” 25. Whether this phenomenon 
occurs because education shapes adult 
experiences in the labor force, behav-
iors or economic and social position 
in a cumulative way producing cumu-
lative advantages and disadvantages 
or shapes cognition during a criti-
cal period of human development is 
unknown. These questions are among 
the most challenging for us to answer 
in the coming decade. We also have 
only some insights into the biological 
pathways which might tie social experi-
ences to aging. In the next section, we 8
combination of additional genetic or 
environmental risks encountered. That 
is, the social stress “leans” on the aging 
body, accelerating the onset of disease, 
but not necessarily determining which 
speciﬁc disease occurs. Stressful envi-
ronments and experiences leave people 
open to infectious diseases such as the 
common cold, hasten the progression 
of diseases like AIDS, and may con-
tribute to the development of chronic 
diseases such as diabetes, hypertension 
or pulmonary disease.
Although there are several theo-
ries compatible with this idea, this 
theory linking the social environment 
to accelerated biological aging has 
been difﬁcult to prove. Weathering 
is a concept elaborated by Arlene 
Geronimous27 to explain the more 
rapid health deterioration and differ-
ent reproductive health experiences 
of African-Americans. She argues 
that accelerated health deterioration 
and shortened life expectancy result 
from the prolonged exposure to 
discrimination and stress that Afri-
can-Americans experience throughout 
their lives. Other work has focused 
on allostatic load, an idea developed 
by Bruce McEwen to refer to the cost 
of adaptation to heightened physi-
ological responses resulting from the 
repeated or chronic environmental 
challenges—the wear and tear—on 
the body28. In studies of humans, 
Seeman and McEwen have initially 
identiﬁed a number of biological 
parameters composing allostatic load. 
These include those related to the 
sympathetic-adrenomedullary sys-
tem, hypothalamic-pitutary-adrenal 
axis, cardiovascular metabolic and 
immune systems. Allostatic load has 
been linked to socioeconomic condi-
tions, social networks, and mortality. 
However, in addition to these elegant 
theories, a recent study of the effect 
Caregiving, especially of long du-
ration, for intimate partners and close 
family has been related to increased 
mortality risk and a host of mental 
and physical problems 32. In this 
study, Epels et al followed almost 60 
healthy mothers between the ages of 
20 and 50 who had either a seriously 
chronically ill child or a healthy child. 
Perceptions of stress were assessed in 
all mothers. Mothers who had been 
taking care of a chronically ill child for 
a long time had shortened telomeres, 
decreased telomerase activity, and 
higher levels of oxidative stress than 
either controls with a healthy child 
or mothers with an ill child who had 
not been in that caregiving role for 
long. Perceived stress was associated 
with telomere shortening among all 
mothers, regardless of whether their 
children were healthy or ill. Moth-
ers with chronically ill children did 
not differ from controls in telomere 
length or function. Women with the 
highest levels of perceived stress were 
comparable to women a decade older 
in terms of telomere length. Thus, we 
see the ways in which social stresses 
inﬂuence aging at a cellular level.
In sum, we have the variability in 
how people age, how long they live, 
the health outcomes they experience, 
and their patterns of variability in bio-
logical aging processes. This variability 
linked to social experiences provides 
us with critical clues as to how we can 
improve the health and well being of 
older men and women. We believe 
that the investments society makes for 
its citizens all along the life cycle from 
early childhood to old age accumu-
late to affect the health of the older 
population, for good or ill. The degree 
to which those social investments 
are unequally distributed will create 
health inequalities difﬁcult to erase as 
people age. 
Perceived stress was associ-
ated with telomere short-
ening among all mothers, 
regardless of whether their 
children were healthy or 
ill.  Women with the high-
est levels of perceived stress 
were comparable to women 
a decade older in terms of 
telomere length. Thus, we 
see the ways in which social 
stresses inﬂuence aging at a 
cellular level.
of caring for a seriously ill child on 
telomere activity has provided us with 
an incredible insight into how this 
process might actually work at the 
cellular level. In this study, a psychol-
ogist and a biochemist teamed up to 
test the hypothesis that stress impacts 
heath by modulating the rate of cel-
lular aging 29. Blackburn had been 
working on cellular aging, speciﬁcally 
a study of telomeres and telomerase, 
a cellular enzyme, for some time but 
had never linked it with psychosocial 
stress. Telomeres are DNA-protein 
complexes that cap chromosomal 
ends, promoting chromosomal stabil-
ity. With age, telomeres shorten in 
humans and in vitro cells become 
senescent when telomeres shorten 
sufﬁciently. Blackburn has worked on 
telomere function precisely because 
telomere shortening may be a key 
to aging, one of the best available 
biomarkers of a cell’s biological “age”. 
Telomere shortening has been linked 
in other investigations to higher 
mortality rates in the elderly and to 
cardiovascular disease 30, 31. Telomer-
ase is a cellular enzyme that protects 
telomeres. Both were hypothesized to 
be related to stress. 9
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